U
nderstanding patterns of biodiversity is essential to developing conservation strategies and monitoring conservation goals (Gaston 2000 , Orme et al. 2005 . Richness, endemism, and level of threat are often cited as major indices for explaining diversity patterns. Species richness, in particular, remains a central component of most priority-setting studies (Ricketts et al. 1999) . The problem with using overall species richness for setting conservation priorities, however, is that range data are not available for the vast majority of species (Ricketts et al. 1999 , Brooks et al. 2006 . These severe data constraints make surrogate indicators necessary (Howard et al.1998 .Vertebrates and vascular plants, being relatively well known, are frequently used to represent all biodiversity and are considered good indicator taxa (Sisk et al. 1994 , Balmford and Long 1995 . Despite the increasingly common use of indicator taxa, analyses of cross-taxa congruence (Gaston 1996) often show little overlap between different taxa (Prendergast et al. 1993 , Dobson et al. 1997 , Howard et al. 1998 , van Jaarsveld et al. 1998 , Lawton et al. 1998 , Orme et al. 2005 and thus have lowered many researchers' confidence in the use of surrogates. The cross-taxon relationship in species richness is scale dependent (Qian 2007) . Which surrogates are employed and how far cross-taxa congruence extends remain controversial (Prendergast et al. 1993 , Dobson et al. 1997 , Howard et al. 1998 , van Jaarsveld et al. 1998 , Lawton et al. 1998 , Orme et al. 2005 .
China is one of the "megadiversity" countries (SEPA 1998 , Xu et al. 1999a , 1999b , with over 30,000 species of higher plants (Wu et al. 1994 -, Yang et al. 2005 ) and 6347 species of vertebrates (SEPA 1998) , including numerous endemic species. Biodiversity provides significant ecosystem goods and services (Costanza et al. 1997 ) and generates considerable economic benefits (Balmford et al. 2002) , which play an important role in building a harmonious society for China. However, biodiversity priority setting in China has been based mainly on rare and endangered vertebrates and higher plants, and its effectiveness has not yet been tested. We established a uniquely comprehensive data set of all known Chinese amphibians, reptiles, birds, and mammals, and a subset of vascular plants in the terrestrial ecosystems, and another data set recording conservation efforts, investment, and natural environments of China. We used these data sets to test the pairwise correlations among taxa; the utility of different groups of species as indicators of overall species richness, endemism, or threat; and the effectiveness of conservation strategies in China.
Species data analysis
The first data set used for these analyses contains presence/ absence data by province for all amphibians (n = 321), reptiles (390), birds (1310), mammals (539), and a subset of vascular plants (4399) in the terrestrial ecosystems of China. The subset of vascular plants was selected on the basis of the China Species Red List (www.chinabiodiversity.com/redlist/ search/index.shtm). We also recorded whether each plant or animal species was endemic to China and whether it was threatened. The species richness of vascular plants used in these analyses is highly correlated (0.94; P < 0.01) with the species richness of all vascular plants in China. The correlation remains high even when the effects of area are removed, so we are confident that vascular plant species used in these analyses can represent all vascular plant species in China. Data were from the China Species Red List, Zhang and colleagues (1998) , Zhao and colleagues (1998a , 1998b ), Fei (1999 , Wang (2003) , Severinghaus and Hsieh (2004) , Zheng (2005) , and Lei and colleagues (2006) .
We defined species richness as the number of species in a province divided by the total number of species in the data set for that class. Endemism was defined as the number of species endemic to China in a province, divided by the total number of species in the data set for that class. The level of threat refers to the number of threatened species in a province (species that are critically endangered, endangered, vulnerable, or near threatened, as defined by IUCN Red List Categories and Criteria, version 3.1; www.iucnredlist.org), divided by the total number of species in the data set for that class. We regressed each index against the area of the province to reduce the influence of province size . A high correlation coefficient was defined as approximately 0.5 or higher, a moderate correlation as around 0.3 or 0.4, and a low correlation as 0.2 or lower . We found no significant relationship between province area and species richness, endemism, or threat, however, so we used the original indices. Kendall's rank linear or partial correlations were used for all analyses (data were log 10 transformed before analysis).
We used our data set to construct an overall richness index, modified from Ricketts and colleagues (1999) . The overall richness index for a province is the weighted average of richness of the five classes to balance the contribution of both animals and plants: 
Biodiversity congruence
We constructed a data set of 6959 species of amphibians, reptiles, birds, mammals, and vascular plants in terrestrial ecosystems of China by referring to relevant literature (see table A in the supporting material at www. nies.org/nies/new/ uploadpic/2008625485928139.45.pdf) . These data include the presence or absence of species, endemic species, and threatened species in 32 provinces, municipalities, and regions of China. We excluded the other vertebrate group, fish, because data for this group are generally poor. Hereafter,"vertebrates" refers to all vertebrates except fish. The analysis omitted invertebrates, which are largely undocumented but probably make up at least 95% of all animal species (Myers et al. 2000) . We focused on species diversity as the most prominent and readily recognizable form of biodiversity, although populations and ecological processes are also important manifestations of biodiversity (Myers et al. 2000) .
We calculated pairwise correlations between species richness, endemism, and threat index among all taxonomic groups (see table B in the supporting material at www.nies. org/ nies/new/uploadpic/2008625485928139.45.pdf) . Our data at first seem to suggest a high congruence: all pairwise correlations among the five classes are significant (Kendall's rank correlation) (except the threat index for birds). These results suggest that any taxon (except birds with low or insignificant correlations) could be used as an indicator of overall species richness at the national scale. However, this apparent congruence is driven largely by differences in the latitude or area of provinces (Ricketts et al. 1999, Crawley and Harral 2001) . We used partial correlation analyses to test the correlations in species richness, endemism, and threat once latitude and area are removed from the data. The correlations among taxa, and between each class and the remaining four classes, are generally weakened when latitude and area are removed from the data. Correlations between richness of amphibians, reptiles, mammals, and vascular plants are positive and significant (table 1; coefficients between 0.38 and 0.78; P < 0.05). A more moderate, but still positive and significant, correlation also exists between birds and reptiles, between birds and mammals, and between birds and vascular plants (coefficients 0.50, 0.47, and 0.38, respectively; P < 0.05). By contrast, the correlation between birds and amphibians is insignificant. Our results indicate that the patterns of species richness of most taxa between terrestrial vertebrates and vascular plants are concordant (Gaston 1996) at the national level, except for the pattern between amphibians and birds.
Endemic species are important targets of global conservation efforts (Myers et al. 2000) . These species, often with small populations and few sites available for conservation intervention, are inherently vulnerable to extinction . Correlations among endemism for all five classes are strong, positive, and significant (coefficients between 0.48 and 0.89; P < 0.01). Moreover, the relationships between the endemism of birds and of mammals (0.89; P < 0.001) and between the endemism of amphibians and of vascular plants (0.84; P < 0.001) are closer than among other groups. These findings indicate that patterns of endemism are concordant at the national level among different taxa.
Threatened species are another target of conservation efforts at all levels. Correlations of threat among amphibians, reptiles, and vascular plants are significant (coefficients between 0.37 and 0.56; P < 0.05). Similarly, correlations between mammals and vascular plants, between mammals and amphibians, and between birds and reptiles are also significant (0.41, 0.55, and 0.37; P < 0.05). However, no significant correlation exists between birds and any of the other nonreptile groups (vascular plants, amphibians, or mammals) or between mammals and reptiles. This suggests that the underlying mechanisms responsible for the decline of amphibians, reptiles, birds, mammals, and vascular plants are quite diverse, and conservation of one endangered class will not necessarily save other classes. Previous studies found no meaningful correlation among species richness, threat, and endemism at the global level (Orme et al. 2005 . Our analysis showed a positive and significant correlation between species richness and endemism (coefficients 0.37 and 0.82; P < 0.05) at the national level, and each class can represent the four remaining classes (table 1) . Centers of endemism are concentrated in regions that offered unusually many opportunities for past speciation, and are likely to contain more species than other regions today (Jetz et al. 2004 ). However, there is no congruence between threat and species richness or between threat and endemism for reptiles and birds. This further supports the conclusion that threatening mechanisms of species are different from the mechanisms of species diversification or speciation. Thus, national conservation priorities based on endemism alone will overlook threatened species, and priorities based on threatened species will also overlook many other species.
Our results suggest that birds, amphibians, and reptiles, the most practical choices for indicator taxa, are not the most informative and accurate indicators for other taxa; that the extent of congruence varies widely depending on the taxa and measure of diversity being compared (Balmford and Long 1995) ; and that a focus on one or a few groups may be of limited utility in setting priorities for conserving biodiversity as a whole.
Provinces with high overall richness are Yunnan, Sichuan, Guangxi, Tibet (Xizang), Guizhou, Taiwan, Guangdong, Hainan, and Chongqing; provinces with high endemism are Yunnan, Sichuan, Guangxi, Guizhou, Tibet, Taiwan, Guangdong, Hainan, and Chongqing; and provinces with a high threat index are Yunnan, Sichuan, Guangxi, Tibet, Guizhou, Taiwan, Hainan, and Guangdong (figure 1). The correlations among overall richness index, overall endemism index, and overall threat index are positive and significant (figure 1; coefficients between 0.92 and 0.98; P < 0.01). However, geographic regions that rank high in species richness, endemism, or threat in wellknown taxa may not rank high for other taxa, as indicated above. Therefore, the identification of priorities for geographic regions should not be based solely on one taxon.
Conservation strategies
We tested conservation strategies in terms of coverage of nature reserves and investment in conservation. Geologic relicts and paleontologic relicts are not related to biodiversity, and marine ecosystems were excluded from our analysis of terrestrial ecosystems. Therefore, nature reserves of geologic relicts and paleontologic relicts and marine nature reserves were excluded from our analysis. Correlations between the number of nature reserves and overall species richness, endemism, and threat were significant (coefficients between 0.43 and 0.52; P < 0.05) (tables 2, 3). However, there was no correlation between the percentage of the area of nature reserves in the provincial land area and overall species richness, endemism, or threat (table 3) . National key forestry programs, such as the Program on Primary Forest Resources Protection, the Program on Restoration of Forests from Farmlands, the Program on ShelterForests System, and the Program on Wildlife Conservation and Nature Reserves, are the main instruments for national investment in biodiversity conservation in China. Investment at the province level is very important, because conservation efforts are implemented by provinces. However, there is no significant correlation between a province's percentage of investment relative to the total investment of national key forestry programs and species richness, endemism, or threat (table 2; coefficients between 0.187 and 0.213; P > 0.09).
Conclusions
Many physical and climatic variables have been proposed to explain broad-scale patterns of species richness and endemism, including latitude, precipitation, and temperature. The latitudinal diversity gradient is one of the most striking patterns in the natural world (Mittelbach et al. 2007 ). The correlations between mean latitude and overall species richness, endemism, and threat are significant and negative (figure 2; P < 0.001). However, there is no correlation between mean latitude and bird endemism and threat, and mammal richness and endemism (see figures A-E in the supporting material at www. nies.org/nies/new/uploadpic/2008625485928139.45.pdf) .
Across temperate to polar areas, there is a broadly positive monotonic relationship between species richness and energy availability (Gaston 2000) . The overall richness, endemism, and threat index increase with the mean January temperature and mean annual precipitation (figure 2). Variations in rainfall, temperature, and elevation are the main factors accounting for changes in Chinese vegetation (Li and Shi 1999 , Zhao et al. 2001 , Tang et al. 2006 . However, there is no correlation between mean January temperature and bird endemism and threat, and between January temperature and mammal richness, endemism, and threat (see figures F-I in the supporting material at www. nies.org/nies/new/ uploadpic/2008625485928139.45.pdf) . There is also no correlation between mean annual precipitation and richness, endemism, and threat of birds and mammals (see figure J in the supporting material at www. nies.org/nies/new/uploadpic/ 2008625485928139.45.pdf) . This means that birds and mammals are less dependent on climatic variables than are amphibians, reptiles, and vascular plants.
As the Qinghai-Xizang (Tibet) Plateau and the Himalaya-Karakoram underwent accelerating uplift through the Quaternary, the interior became progressively desiccated as the influx of Indian Ocean moisture was constrained (Derbyshire et al. 1991) . The extreme cold and arid conditions in QinghaiXizang Plateau and northern China are unfavorable to the development of species (figure 1). However, vast regions in central, southern, and southwestern China possess rich biodiversity because the climate is warm and the geomorphology varied, and because glaciations during the Quaternary Period had less of an impact in these regions. In particular, the complex topography of southwestern China, characterized by extremely steep and often precipitous mountains, results in a wide range of local climatic conditions with a great variety of vegetation types. The extremes of topography, vegetation, and climate, coupled with the isolation of the numerous steep peaks and ridges, have served as a stimulus to evolution and are responsible for the high species diversity and endemism of plants and vertebrates found in the region (figure 1; Boufford et al. 2004 ). There are more endemic species in Taiwan than in Hainan, partly because of the vertical complex environment in mountains of Taiwan and Taiwan's greater distance from the mainland. Patterns in biodiversity are likely to be generated by several contributory mechanisms, the strongest a. Excluding marine reserves and nature reserves of geologic and paleontologic relicts. The effects of area were removed and the data log 10 transformed before analysis.
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b. Excluding marine reserves and nature reserves of geologic and paleontologic relicts.
and most general of which may arise when all the different mechanisms pull in the same direction (Gaston 2000) .
Agricultural activity is the key variable significantly influencing the distribution of endangered species (Dobson et al. 1997) . The correlation between overall species threat and the percentage of primary industry (agriculture, forestry, animal husbandry, and fishery) in GDP (gross domestic product; table 4) is positive and significant in China (0.50; P < 0.01). This suggests that high dependence on and heavy exploitation of biological resources contributes to the decline of species. Overexploitation-primarily to obtain food, medicines, and raw materials-is the most pervasive threat to Chinese vertebrates (Li and Wilcove 2005) . Partial correlation between overall threat and the number of invasive alien species is strong and significant (0.90; P < 0.001, with the effects of latitude and area removed and the data log 10 transformed before analysis), which means that invasive alien species are also responsible for the decline of species (table 4) .
The designation of nature reserves depends on available land resources, financial resources, political will, and public awareness of biodiversity. However, the percentage of the Name of province,area devoted to nature reserves in provincial land areas was not correlated with overall species richness, endemism, or threat. This means that the nature reserves system in China needs to be reviewed in the context of the principles of systematic conservation planning (Margules and Pressey 2000) and the distribution of species richness, endemism, and threat. Provinces rich in biodiversity that have less than 10% of their area devoted to nature reserves (including Guangxi, Guizhou, Guangdong, Hainan, Jiangxi, Fujian, Hunan, Hubei, Zhejiang, and Shaanxi) should increase the coverage of nature reserves. The percentage of biodiversity investment for a province was not correlated with overall species richness, endemism, or threat, indicating that biodiversity investment policies in China need to be reviewed. Although all provinces face heavy responsibilities for biodiversity conservation, and financial resources for conservation are limited, investments in Yunnan, Guangxi, Tibet, Hainan, Guangdong, Fujian, Zhejiang, and Jiangxi, which are among the top half of the most species-rich provinces, need to be given higher priority in the national key forestry programs.
Our work furthers the understanding of how species diversity patterns can inform conservation priorities at the national level-for example, selection of indicator species for biodiversity assessment and monitoring, spatial allocation of nature reserves, and investment policies. Some limitations have to be addressed. The distribution patterns may not hold for fish, invertebrates, or fungi. The biodiversity of vertebrates and vascular plants also encompasses aspects of populations and genetic diversity that are missed when the sole unit of measurement is the species . Furthermore, procedures for setting conservation priorities are complex and should consider not just the richness, endemism, or threat index but also genetic diversity, population viability, ecosystem goods, services and health, and economic costs and benefits of conservation. Understanding the patterns illuminated in this manuscript should help conservation biologists make better choices of taxa and provide more informed advice to those responsible for developing conservation strategies.
